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A STOCHASTIC MODEL OF YARN HAIRINESS
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In this lecture, we, we must continue, is our model of, stochastic model of hairiness in,
and of the last lecture, and we obtained a formula dq xy is equal to this expression. The
signs of dq xy is the probability, that your random chosen fiber from, from a, a sphere of,
from a, sorry, from the sphere of hairiness, 1 moment, our earlier picture, which we, now

this one.
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Light beam in a random yarn cross-section
Probability, that the center of a randomly chosen fiber lies:
« inside the differential layer
(r,r +dr)is dng /n, yamj ¥
« inside infinitesimal rectangle axisi
dx dy, if this center lies surely in- /
side the differential layer (con-
ditional probability) is
dvdy/(2mr dr )
Therefore the probability, that the
center of the randomly chosen fiber /* i~
lies inside the infinitesimal rectangle / 1/

‘iﬁiﬂ} 5 dg, = dn,  dady

LMPTEDL

differential

~layer

| ligh

~.dpigly beam
P T )

n, (2mrdr)

Random chosen fiber, | do not know, may be this one, may be this one, nobody knows,
yeah, random chosen fiber is lying inside of our element of rectangle dx dy. Well, this is,
this probability dq xy, the area, the section of areas, the section of areas, the real sections
of areas of a fibers in hairiness sphere, have before and random shape, we need to

idealize such sections.

So, we, we will idealize such sections as idealize a ring. We will assume, that each fiber
section have the same sectional area equal to S star bar as a mean sectional area and
because star bar is this, it here, it is s times sigma, which we derived earlier. We imagine,

that is, mean area have to idealize, only idealize shape as a ring.

Then, such a ring have diameter d star, may be this diameter will be a little higher than
this, idealize diameter, then the real diameter or the further, and it is valid, that the star
bar is pi d square by 4 d star from this, this star is this, here, so that this here, so that this
here, but this is d. So, the d star, it is a fiber diameter d times square root of our
parameter sigma. It is a little higher than, than radius diameter d of fiber and then from S

star bar, we can write S times sigma.

Now, let us go a little back to our this picture, which we know from last lecture. Let us
imagine some light beam, some orange light beam, which is lying on the cross-section of
our yarn into hairiness sphere, this orange light beam. How is the probability, we were
solved the equation, how is the probability, that this light beam will pass through the
yarn, these are some problem is hidden of fiber. How is such probability we idealized?
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Assumption (simplified): Each fiber section in hairiness
region has the ring shape with diameter «'. J

Idea: The light beam passes without any r
obstruction by the yarn at the distance x,
when the middles of all fiber sections lies ’

at a distance more than «'/2 from x.
(Slide 13 and f|gure on the right-hand 51de)
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Here is some some strip, light green strip, which is also here as a light green shown. We
idealize the cross-section of fibers in hairiness sphere as rings having diameter d star,

clear.

I think, how is the position of section of fiber ring diameter d star for hindering or no. If
fiber section have its central point in the, no in the distance, no far from d, d star by 2,
like this here or this here. Then, light beam had have no chance to go beside the yarn,
stop. When the fiber has its central point outside of this light green, light green strip, like

this here or this here, then light beam can go without problems beside the yarn, yes.

So, we can formulate now the probability, that the center of the randomly chosen fiber
lies in the infinite long green band. How is the probability z, that one random chosen
fiber, that are fiber section, center of this is lying inside of our light green, light green
strip, thickness lying on the distance x from yarn axis plus minus d star by 2 and yes, for

minus infinity to plus infinity, yeah, like was in our earlier picture.

How is this probability? This probability we called Q here. How is the probability, that
random choosing the fiber, a little d inside of our light green strip, this fiber can be in,
have, we can have its central point here or here or here or here, in each points, in our
light green strip, yeah. | said here or here or, or it means probability of this plus

probability of this plus probability, yeah, you know it from theory of probability.



So, it, the probability is sum of probabilities dg xy, where x is going from sum value x
minus d star by, 2, 2 x plus d star by 2, clear. Here, and y is going from minus infinity to

plus infinity, is it so, yes it is.

So, we must integrate it because then, problem is this alpha, beta of integrating
quantities, integrating variables, then and modulus, then we, then we rename integrating
variable to t. So, we obtain, this is our equation for Q xy and we must make this double

integral.
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We then obtain, we, the value Q, this value Q, the signs is known, it is repetition to our
equation for our last slide, we can write in this form or formally also, Q is 1 by n H times
integral of this bracket times d t, that is bracket, we call ft and f t is, is this one, clear, the

sign.

This integral, we can a little rearrange. Let us use some substitution y, which is here. y is
t times tangents alpha, alpha is only substitution, is name of, of substitutive quantity.
This alpha has a lot some special logical sense, like it is possible use, |1 do not know what
alpha, that, which we, which we want, | used alpha, yeah. So, alpha have a lot some
special interpretation, logical interpretation. It is only the variable used by integration as
a substitution, yeah, method. Using this, after rearranging, which you can quietly study

home, we obtain the final expression for our function f also in such form, well.



We know Q; once more, Q is the probability, that the random chosen fiber have its
central point inside of our light green strip.
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The probability that no center of any fiber lies in the infinite
long (green) band is

P=(1-Q)™ =| I— j;‘:;ﬁx}.')dr/n,{ \

P is also the probability that the light beam passes
without any obstruction by the yarn at the distance x

Assumption: Number of fibers in the whole hairiness
region ny is very high. Then
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How is the probability, that random chosen fiber will not have its central point is our
light green strip, 1 minus Q, well. And how is the probability, that no one fiber from,
from hairiness sphere in the cross section. Let us imagine it, we are not at central point,

inside of our light green strip.

This is probability, that the 1st fiber is not there and in the same moment also, the 2nd
and in the same moment also, the 3rd to n H fibers. So, we must multiply each
probability of each section is 1 minus Q times 1 minus Q times 1 minus Q and we must
do it n H times, so that it is this probability, probability, that no center of any fibers lies
in the infinite long green band, is 1 minus Q power to n H. The probability, that only
light green strip is free for, free for, for a light beam is probability P, which is given by

this, yeah.

What we obtain using Q, this, here? All this f, f we know, it is function f here, is this
here. If you tried to rearrange it more, but all will be easy when we were assumed, that
number of fibers in hairiness sphere, in hairiness sphere is relatively, very, very large,
why? It often is, it often is the traditional yarns, that lot of fibers in sphere of hairiness,
why? From point of your mathematic, in a basic course on this university, may be of
mathematic, you, you use also 1 formula for limitation, it was 1 plus constant by x



brackets power to X, if x is limited to infinity is e power to such constant; it is one of
known, known formula from basic course of mathematic, mathematic analysis, the part

of limits.

What is structure of this problem? 1 minus some value by n H power to n H. If number
of fibers in a hairiness sphere is very large, then this probability is roughly, limit of this
expression by n H, limit it to infinity, yeah, have the structure of the limit; is this, this
step clear? Then, roughly we can write, P is equal roughly limit of this and this is
exponential function, it is e power to minus this integral. So, P is e power 2 minus this
integral, then minus logarithm P is this integral. So, it gives back our structure of

function S.
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Now, and after rearranging, which is here, on this we obtain final expression here.
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Let us continue here, minus In P is this here, yes. We know, that s star bar is pi d star
square by 4. So, this is equal to this, both are valid. Then, then it is valid, rearranging of
this parameter here. According this rearrangement, trivial to this form at it, can write,
that minus logarithms of probability, which is P is this is given by such equation, where
2 parameters must be known, H, half-degrees interval lengths of, half-degrees interval
and C, which is the 2nd characteristic, which will related to packing density, which will
be shown later. So, it is also valid, this, here in this notice shown, so that n H must be

this, only rearranging of area equations.

Well, we have all what is necessary for our model, we had it too and we start to compare
this results, this experimental experiences by is that picture of the yarn or, or, in, in
microscope. Then, then, image analysis technique, which you know, which is here too, |
hope and sorry, this model was not too precise, the question was why. So, nice model, is

not it, our models are every time nice, why.

We have, we had experiences, subjective experiences with lot of pictures of yarn and we
knew, that in the small area, near to yarn surface are different, small, how to say, loops,
may be loops, short ends fibers and so on. And this type of fibers create something like a
mousse on the yarn surface. There are fibers of one type, another fibers was long, long
flying, free flying fibers, which bring complications into following technoloy and so on,
and so on. So, that, may be this is the problem, do not exist only one type of fibers in the



sphere of hairiness; it exists 2 types of fibers, which create both, both together, both
types together. The final effect of hairiness, yeah, one type create at most something like,
subjectively saying mousse on the, on the surface of the yarn, and 2nd type of, flying of a

single fibers, well.

Let us imagine, that both, that we have on the surface of, in hairiness sphere, 2 types of
fibers, yeah, 2 two type of hairiness; let us imagine as a red fibers and blue fibers. When
you want, yeah, all together are created the effect of hairiness one type of fibers, as well
as, the 2nd type of fibers follow, follows our model, but with quite other parameters.

Both follows our model, both type follows our model, but this quite different parameters.
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Expenmzfental anall;mse%f dﬂﬁsr&:ﬁt DOUBLE

h UUUDLE
drved single. exponential model | EXPONENTIAL MODEL

does not precisely correspond to
the real hairiness zones., This
experience leads us to the idea of
two types of hairs in the hairiness
sphere, whose distributions are
mutually independent and they
are randomly mixed in the hairi-
ness sphere.

One type of hairs is composed of
shorter fibers and is concentrated
mainly round the yarn surface
(bodvg we imagine it as a "moos”

on the yarn, Second type of hairs
is composed of longer “flying”
ers.

|ntu|twe|v suggested idea
put more precisely un-
e name of “double expo-

Let us assume that:

« There are two independent

types (i = 1. 2) of hairs in the

hairiness sphere of yarn.

» Each type of hairiness fol-

lows the exponential model

derived before.

Symbols used for quantities of;

- one given type — subscript ;

— common parameters and va-
riables — without subscript

— resulting valties (both types
together) — without subscript

Then, we can, very easy to, to define double exponential model. We called our earlier
model as an exponential model because you can, you, was it, was same, that the, that the
number of producing fibers have the exponential decreasing tendency, yeah. In earlier

model, therefore, now we speak about a double exponential model.

We use symbol, one type of fibers have general symbol I, the quantity is for one type of
fibers, we will have same subscript I. Common parameters there are, they were be

without, without subscript and without thing, values of without subscript, well.



(Refer Slide Time: 20:29)

4 F 1 Bahwusiav Neckd!, TU L berec, Dept. of Textlle Techndlagy ol

: A STOCHASTIC MODEL OF YARN HAIRINESS
Common parameters: . d". Common variables: r.x.

h,

Parameters following any type: p,,.h. C =p, 2%

Variables following any type of hairiness: _{r=rp)
Number of fibers protruding from radius r: m, =, 2 "
(' -
Packing density at the radius B=—2 A
Number of fibers in the whole hairi- '

> ; 2 SaC' h
ness region (in the yarn cross-section): »,, = = h L
P17 S | )

Probability 7, that the light beam passes without any
obstruction by the yarn at the distance x:

o -d"j2 x+d"[2
ShC, L it

N e
—lllf'—: — _'1‘-"_1;_: jﬂ 9 hyco u(ld___jn 5 hcosa do
PLEY B | § e

ES

-

Common parameters r D, one yarn, same radius r D, yeah; common parameter is also d
star because the, we said the distribution of directions of fibers is, is independent to

position of the fiber, so that also d star.

Common Variables were also the variables r and x, radius of differential r and distance
on which is going the, the light light beam. Parameters following any type are mu D.
Packing density, starting value of packing density on the yarn body, it is packing density
for 1st type of fibers and for 2nd type of fibers, clear, mu and h i, h i is half-degrees
interval, which is either for 1st type of fibers and for 2nd type of fibers.

And that is why, the parameter C, we derived this equation here, you can see here, how is
the structure here. Parameter C, C i related to h i and packing density, yeah, starting
value of packing density and the quantity each. So, number of fibers protruding for
radius to type 8 type, 1st or 2nd, yeah, is, this is our known equation only on the place of
m, is now m I; on the place of m d is m d i because this related to 1st or 2nd, generally 8
type of fibers, yeah.

Similarly, packing density at radius r, our old equation with subscripts on the quantity,
which are related to our type of fibers, number of fibers in the whole hairiness region is
this here. Same idea, only a subscript i and our probability, which is probability of be

free our green strip for light from fibers of light in 1st or 2nd type, yeah, is this here.
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Resultant variables:

Number of fibers protruding from radius r:

(r=rp| _Ar=rp)

m=m+n,, m=mp, 2 Ay me, 2 & (my=my, +m, )
Packing density at the radius »:

i L) (for r=1, itis valid

1 . .
=L+ L. ==l g2y e ’h‘
it & i"(-l- F(-z_ H:“n:“m,l""-"az)

Number of fibers in the whole hairiness region (in the yarn

cross-section):

( ] L
1 v h
Ch2A+Ch2 "

S

N My + My 20 | My =
&g H.1 H,2 H =2
i} nd™ n2

Now, how is the resultant variables for both types together? Number of fibers protruding
radius r, it must be number of fibers from 1st type plus number of fibers from 2nd type.
So, m 1 plus m 2, we obtain this here, yeah, especially total number of protruding fibers,
the, the cylinder of compact body yarn m d, it is m d 1 plus m d 2; from starting position

are going out red as well as blue fibers when you want here, well.

How is packing density? It is the same packing density, is the packing density from the
1st fibers plus packing density from the 2nd fibers; it is evident, it is trivial. So, mu is mu
1 plus mu 2, using this we obtain this here. Special case on r equal r D, starting radius for

hairiness sphere mu is mu d and it is sum of mu d 1 and mu D 2 evident.

Number of fibers in the whole hairiness region, it is the same, it must be sum of both,

same logic, then it is this here using our equations.



(Refer Slide Time: 24:26)

Bohwsiav Neckd!, TU Lberec, Dept. of Textlle Technology 17

F A STOCHASTIC MODEL OF YARN HAIRINESS

Probability 7 that the light beam passes without any
obstruction by the yarn at the distance x:

P=RP,, -InP=-InF -InPF,

[ _x-d'f2 = _xd'f2
~InP= I h,('L’ I "2 ;’”m([m—j 2 Mo ey |+
nd™ In2 0 0
2 _x-d"f2 . _xed"f2
* hycosa 4 , cose
+h-’.('.'.?‘ L 2 b L'|U,*J‘u 2 ka dee

" rn 'y
where (C, =pp 2", C, =py,rp2™"

N,e e: Besﬂes d" it is necessary to know 4 parameters’ . /.
L0y (or oy, Bpg o By ) for evaluation of probablllty B,

(()) is &, the question about probability, how is the probability, that the light beam passes
without any obstruction by the yarn at the same distance x without problems. It is a
probability, that no one red fiber, is in the start in our light green strip and in the same
moment also, no one blue fiber must restart there, yeah, both together, both, both

situations must be together.

How case it is from theory of probability? It must probably this and this also, both
together. It is, we must multiply the probabilities, so that the, the final probability P is P
1 times P 2. Now, it is evident minus logarithm is this here, we are using our equations,
we obtain this expression, where C 1 and C 2 are this here. So, we, for this solving of this
probability, we need for parameters C1 h1, C2h2andormuD1h1l muD2h2

because C is is given on this and this well.
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The complementary probability that Schema

the light beam CANNOT pass at the
distance x from the yarn axis is

Z ('\' ) =l (‘) OUT ) HAIRINESS
of SPHERE
This function Z (x). x=( rp.0), We Dairmess
call as the sphere 1
blackening function D x

Note: The blackening function expresses also the relative
frequency of light beams that cannot pass at the distan-
ce x. It is possible to find this function experimentally
using parallel beam of light rays and determine the

rameters . n.C, s, frem the last equation, (Real
‘gamples of blackenlng function will be presented later.)

| MPTEL

And the complimentary probability, that the light beam cannot pass at the distance x
from the yarn axis, it must be 1 minus P; P is function of x. Therefore, in this moment, |
write P as a function of x, yeah. Such function cannot pass, we call as a blackening
function, this is a blackening function. And how is this, this function? How, how shape

have this curve of such functions? Schematically, it is shown on the picture.

The blackening, the black in the central part of the yarn, this is yarn radius from 0 to to,
to, to, to, to, to, to infinity, (()). This is the blackening function in the center, we see only
black, black, black, black points. Then, it is this blackening function is equal 1 and then
more and more is increasing of x, more and more light beams are, are passing beside
yarn, then the blackening function is smaller and smaller and smaller and limited
paralytic in this x, limited to infinity. It limited to O on some radius r D, starting the
hairiness sphere. So, for axis up to only this, we create a model for this part, this is only
extrapolation. It is not too important for us because it is the body of the yarn and there

another there are valid another regulations, well.

This blackening function, I must also sure comment, | want to comment some integral
characteristics because now the blackening function is a function, have function, but
sometimes we need to have some scalar quantity, which characterize intensity, how to

say it, intuitively of hairiness.
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Note: Analogical variables Z (x)=1-F(x) and Z,(x)=1-2(x)
related to the first and second types of hairiness
respectively. (It is valid »=F P, and therefore
—In[1-Z(x)]=-In[1-Z (x)|-In[1-Z,(x)] )

Z2ix)

Integral characteristics of hairiness
(Scalar characteristics)
« Total integral characteristic: /,, = j Z(x)dx

0

(red surface; analogous to hamn*s index of Uster)
« Integral characteristic of

1%t type of hairiness: Iy, = L & (x)dv
egral characterlstlc of

I, = J‘: Z,(x)dv

We can say, that it can be for example, area on the area blackening function. So, this is

integral of our blackening function, yeah.

Then it is scalar value and it, it can be some characteristic of scalar, characteristic of

hairiness, we can also separately characterize. Similarly, how is the effect of the 1st and

the 2nd type of fibers?
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Yarn radius (yarn diameter) - two different definitions

I¢t - Cover definition: Radius r,, ., is described by

the distance x, which is related to the defined value

Z(.\': Yoeore ) = Zeover|(€:Gey Z,ppe =0.5)

Note: This yarn radius is the root of equation —~In(1-Z ., )=
==InP(x =75, )+ "D cove (OF diameter Do = 2pcover)
determines the known “cover factor” of fabrics.

2'? - Density definition: Radius r, . is related to

the pre-determined value of packing density,

W r=rpe | =Mpesl (8400 Wpam, =0.11)

Note Thss yarn radius is the root of equation

(( ~~FDaas A +( ﬁ"ummff‘z )/

derived before

= Ddens Diens

We can also, based on this, of our equations define diameters, yarn diameters. In my

department we use 2 different, 2 different definitions.



Here is the 1st cover definition. We can say, that the, we, we call as a yarn radius, one-
half of yarn diameter, such radius on which the, the blackening function value is one-
half, it means one-half of points is black because fibers in microscope and 2nd half of
point is white because light, yeah. This definition corresponds to the idea of covering and
dominant is the black points, then we feel it as a yarn based on our eyes and we can say,
this is yarn, for example, woolen fabric in a (()) of course, yeah. So, it is shown how to

work. We usually use this constant 0.5 (()).

The 2nd definition is the definition based on the packing density, Professor Ishtiaq often
use this definition and we use this definition also. Based on my meaning, the cover
definition is sometimes better for application, by construction of woolen fabrics.

The density definition is better for study of the mechanic, internal mechanic of the yarn,
whereas the density definition, the density definition is, that the radius on which the
packing density have given, given value, this is, this is our, this is our radius. There are
different possibilities, but usually this quantity is given between 0.1 and 0.15, it means
stand to 15 percentage, earlier 1 used 0.14, means 13 percentage as a criterion for
diameter. Now, may be a little smaller value, 0.11, not too important for practical point

of view.

And using cover equations, we can define, in which moment, in which radius, especially

this, this value is.
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Thér;e are two types of hairiness EXPERIMENTAL

Peasurement?J a\?{;lable.th
irst one is based on the sum-

mation of hairs in a given distan- m
ce x from the yam axis (4. Barella | Image analysis (IA)

et al). Unfortunately, due to
some technical reasons, such
instruments allow selection of this R
long distance only (usually 1 mm I

and more, which is about 10r,

i

A

and more). ‘ g P U . o
Second type makes yarn hairs lu- === + -
minous using suitable optical / # ==
methods (e.g. polarized light) and A o @ \

measures total light intensity (Us-

ter Tester). This method registers

also hairs near to yam body,
| which are advantageous, but gi-

ves an integral (scalar) characte-

ristic only.

Purynethod, based on the IA

..bobbin (cop), 2...tensioners
..microscope base, 4...yam
..microscope and CCD camera

techidique, allows deeper evalu- ;
..computer incl. IA software

%t fl of the hairiness phenome-
LS

Oy La =




Well, this is concept, theoretical concept of hairiness of course, |1 do not know a whole
literature, which is in the world, nobody knows it. Nevertheless, | do not meet one, one
publication, it is an alternative theoretic model, Probabilistic model of hairiness, as the

empirical models you have lot.

Therefore, this is for me the best because | do not know the 2nd version. Now, | assume
quickly to the experimental method, experimental, our experimental method is very easy
in principle. Yarn is going through microscope in, on the microscope. We have some

camera, CCD camera and the picture is, we obtained on the screen.

(Refer Slide Time: 33:12)
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Yarn pictures
The rows of pixels; Row
« dark pixels are arising due to the fibers °f
« light pixels are arising from the empty "*¢%
places :
« after "binary segmentation” (dark—
—» black, light—white), we obtain the
black and white pixels only
» The longest section of black pixels creates the yarn body
The middle (white) point is a point on the yarn axis
« The distances of pixels from yarn axis are determined by
the co-ordinates x (to the left as well as to the right)
« The relative frequency 7 ( x) of black points at each dis-
~tance can be found experimentally (usually 800 pictures
frgm different places of a yarn)
| MAPTEL

We apply on the, like this here yeah, and in this row of pixels we can say, we define the
center of this black part as a Yarn axis and, and to both sides we can say in which

distance is black or white pixel, yeah.

When we repeated lot times from lot of pictures of the yarn, we were, we can construct
experimentally, out of blackening function, I think, it is yeah, it is great. For example, in
small distances, practically 100 percent each of, of points is black, may be, in such
distance, sometimes black, sometimes white, may be near to 0.5 in, I do not know, in this
distance 100 times white and one time black, and therefore, here, very small value of

blackening function.



So, such blackening function is possible using, of course, it needs some manipulation, it
can, some binary segmentation and so on and so on of our picture, yeah. But it is only the

know how, know how of our experimental method.

(Refer Slide Time: 34:33)

F 1 Bohusiavy Neckd!, TU Lberec, Dept. of Textile Tectnology 9
v A STOCHASTIC MODEL OF YARN HAIRINESS -
Resulting curves Example:
Experimental function Z (x) Iy OE COTTON YARN
saw-toothed curve Z(x) \ (29,5 tex,d" :Jl{.l.lll.‘.nnn
| hy = 0,01646 1 mm
Theoretical function Z(x) c= 1.35:35.;1;.:.
...smooth curves - f: = 0,00790138mn

Parameters ¢ ./.C,.h, of

I body

| ofyamn

the theoretical function must

be determined using statisti-

cal regression method (nume-  ©
rically)

Partial blackening functions (1%t and 2" types of hairiness)
* 7 (x)..using only parameters (' ./; calculated before
f\%} x)...using only parameters (.. h, calculated before

LMETEL

0.5

= [mm]

And then, we obtain experimental, experimental curve, this slightly. So, to it curves and
experimental curve, experimentally elevated curve of blackening function, and using
such parameters, we obtain theoretical curve. You can see, that is, for (( )), choose

parameters, our theoretical model for the our experimental result very, very good.

(Refer Slide Time: 35:04)
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Typical character of partial
blackening functions
1. Z,(x): very high value

Example (continuation):

Z(x) OE COTTON YARN
(29,5tex, d" =

near to yarn (body) sur-  0.51t D = 2w = 0267350 mm
. . | dowr = Loioee = 0,287137 mm
face, quickly decreasing; Bl e
w ” t\  Theoretical curves:
dense component \\ _» total hairiness Z
(A “moos”’ on the yarn, 118 % dense component Z, only
5 [\ 7 loose component Z; only

good for handle etc.)

2. Z,(x): smaller value
near to yarn (body) sur- 0oy
face, slowly decreasing; Do/ Do
“loose component” (Bad for following technol. etc.)

Yarn diameters

g’% chose Z =05 and ].mesk: 011, the values r, ...
A ;) 4o Will be usually very near
e

0.2 x[mm] 05




We can divide our result into parts because have to, to we speak about 2 types of fibers
and in most, volume of our yarns is very high differences between these 2 types of fibers.
It is shown from also here, their starting packing density of 1 type, we call this as a, as a

dense component.

It started on the yarn surface in a very, relatively very high value of packing density,
from starting cylinder of yarn body lot of fibers are going out. So, number of protruding
fibers in a cylinder of yarn body, in the 1st group, this dense component fiber is very
high, but they are short. So, number of protruding fiber through this type of fibers is
quickly decreasing, is reduced to 0.

In this example, it is this curve, yeah, started in high value, but quickly decreased to 0, x
(( ). The 2nd type of fibers, we call it as a loose component, started on the starting
cylinder of yarn body, with small value of packing density, it mean, means now too
much fibers is going out from the 2nd type, but number of this decreased slowly, so that
when some fiber is starting from cylinder, then usually it is very long, finish on the very

long lengths, it is a called loose component.
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SOME EXPERIMENTAL RESULTS
Ring, OE, and new-spun cotton O...ring yarns
yarns are evaluated. The Uster [...0E yarns (type BD)
hairiness index / is also measured. A ...new spun yarns

) Image analysis method (TU Liberec)

:“ T H Basic evaluation” Diameters” Integral characteristics”

-E: [tex) fUster | Jy | C] h 16 Dogvee [ Piene Tyy | dua

2] [mm] |[mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm]
R (O) 1 370 9[3.203]00967|0.00054] 0115 [(0.123) (00151 [0.0042 00113
N(& ) 416 4 | 0.0825| 0000981 0.120 | (D 126) | 0.0182 | 0.0037 | 0.0151
R (O) 547 | 0010 557 |0.0934 [0.00122] 0174 [©174) [ 0022900063 [0 0O
M(=) 20 ] 701 |001554 0 2 0.1205|0.00110] 0.186 | (0177 | 00312 |0.0089 | 0.0237
CE@) 412 [ 0016 0.371|0.0734 | 0.C 0.210 0176 | 0.0066 7

1l ©) 100 0987 0 0.246 ) | 0.0282 | 0.0086 | 0.0209

N(=) 295] 207 | 00200 0.338 0.16 D0108| 0.264 |(0237)| 00423 ]0.0117 | 0.0324
5D 491 | 001646 | 1.854 |0.0526|0.00790]| 0.287 | (0.267) | 00215 | 0.00%4 | 0.0135
= 3
.Budisingd” = 0.12mm 2) By usingz,,_ =05 and up,, =011 . 3) Integrated from ruu., .
MPT _:

Some fast results, can see it, see h 1, h 2; h is half-interval of decreasing of number of
protruding fibers. h 1 is 0.00, maximum 01 and something, yeah, it is 0.02. In opposite to
them h 2 is much more higher, yeah. Where is h 2, a much more higher than the values h
1.



The interval of 2nd rows fibers is half-decreasing, it is much more higher, long point

fibers.
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Dense and loose hairiness
« For all yarns /; < h, (slide 31) =Z,(~) decreases much
faster than 7, () Deore

« Using equation ', =u,, 1,2 " derived before,

it is possible to evaluate e
T echno-| T

Mpi-Mp2 by equation logy |pex| P2 |Poz | Ho
P =€, /[ i b)) R(O) | |, [0:0893 00062100955
N(4) 0.0775 1 0.0098 | 0.0873
(see the table). For_all yams o B
Hp,; = J'}D.z = Z,(x)is much N(4&) | 20 [0.0400 B0069 [ 00478
more higher near to yarn CED) 0.0459 | 0.0032 | 0.0490
(body) surface than 7, (x) R(O) 0.0361 | 0.0063 | 0.0425
. . N(&) |29510.0304 [ 0.0048 | 0.0351
Totalyarn ha’r’neﬁ s OEDO) 0.0307 [ 0.0084 | 0.0391

{reated by 2 very diffe-
rent types of hairs- DENS and LOOSE HAIRINESS
MPTEL

From other side, sorry, packing density is 1 and 2nd starting value d 1 is much more
higher than d 2 in some set of different yarns. It means, starting number of fibers is much

more higher, but quickly are going down group 1 and the 2nd group, it is in opposite.
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The relation between The relation between
the two defined types of total integral characteris-
yarn diameter tic and Uster hairiness
index
0.3 T Dyp =0.81907 D,,,,, + 0,051 I,=0,00437H

D, +0,02825 p=0,990 *
[nu?ﬁ p=0,997 IH
é/ﬁ [t
i /Qg
> i

] |
T ¥ 1 I L
) cover [mim] 0.3 0 H (Uster) 10

"igood accordance ! Good accordance !

MPTEL

Some graphs, here are much more graphs, this is groupings of a, is working on this field

in our department, very, very good. We can also evaluate some star value. This red area



under our curve is integral, this is one example on abscissa of this graph, right hand side
to right hand side, there are 2 diameters, D cover and d dense, evaluated from our model.

You can see, that the correlation is very, very high.

It is possible to, to, we like, we, we, we mention, that it will be solved. Interesting case,
this 2nd diagram, this, the, my meaning, very interesting. This is uster hairiness, you
know, that uster, I shall say (()), like an instrument produced in the Swiss town named
uster, because uster is name of town in Switzerland, the company have the name, but in
the whole world it is known as an uster instrument, so I, I call uster instrument, in uster

instrument is possible measure is so hairiness, some value of hairiness.

This measured value by uster and this is our integral from our curve, you can see, that the
the correlation is 0.99, correlation coefficient very high. So, it, our method, if the, the
very proportional result, then uster method, but he obtained also a whole curve in
relation to radius. How is it decreasing? The, the hairiness and we can divide whole
hairiness to 2 parts, this mousse part, intuitively say, and the part for, of long flying

fibers.

Therefore, our methods, we mean, that it is deeper, can deeper analyze based on our
theoretical model, which | presented in our last lectures, can deeper analyze the
phenomenon on hairiness of the of the yarn, well. And this is all, I am sorry, that today is
couple of, or the the last 2 lectures was a little difficult for you, but no too much, only we
used more known, known laws, which are valid in the theory of probability, is not it,

well.

Thank you for your attention.



